Abstract. Atrial fibrillation (AF) is the most common arrhythmia reported in clinical practice. connexin 43 (cx43) is a member of the connexin protein family, which serves important roles in signal transduction in vivo. The aim of the present study was to investigate the role of cx43 in the induction and maintenance of atrial fibrillation by using an animal model of sympathomimetic atrial fibrillation. cx43 was successfully knocked down in the myocardium with gene-specific small interfering (si)RNA via lentiviral infection. A total of 25 dogs were randomly and evenly divided into five groups: Normal (N), rapid atrial pacing (RAP), isoproterenol (ISO) + RAP, RAP + cx43 siRNA and ISO + RAP + cx43 siRNA. The mRNA and protein levels, as well as the distribution of cx43 on the cell membrane, were gradually decreased in each group compared with the N group following treatment (P<0.05). The induction rate of the atrial effective refractory period was not significantly affected in the RAP and RAP + cx43 siRNA groups, whereas it was significantly reduced in the ISO + RAP and ISO + RAP + cx43 siRNA groups compared with the N group (P<0.05). The induction rate of AF was gradually increased in the RAP + cx43 siRNA, ISO + RAP and ISO + RAP + cx43 siRNA groups compared with the N group (P<0.05). The expression of nerve growth factor (NGF) and tyrosine hydroxylase (TH) was gradually increased in the ISO + RAP and ISO + RAP + cx43 siRNA groups compared with their respective controls (RAP and RAP + cx43 siRNA groups, respectively). However, no significant difference in the levels of NGF and TH was observed between the RAP, RAP + cx43 siRNA, ISO + RAP and ISO + RAP + cx43 siRNA groups. The mitochondrial morphology in each group was notably altered compared with the N group. The mitochondrial reactive oxygen species production and apoptotic index were gradually increased in each group compared with the N group (P<0.05). The results of the present study suggest that cx43 reduces susceptibility to AF. downregulation of cx43 mediates the induction and maintenance of sympathetic AF.
Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia reported in clinical practice (1) . There are three predominant mechanisms underlying AF: Electrical remodeling, structural remodeling and autonomic nerve remodeling (2) . It is generally recognized that autonomic nerve remodeling serves an important role in the induction and maintenance of atrial tachycardia and AF (3) . A previous study demonstrated that myocardial infarction causes sympathetic hyperplasia, which is associated with an increased rate and prolonged duration of AF (4) . However, it remains unclear how sympathetic hyperplasia results in AF. It is known that connexins serve an important role in signal transduction in vivo. connexins mediate a number of small molecules, including adenosine 5'-triphosphate, cyclic adenosine 5'-phosphate, inositol triphosphate and glucose, to pass through the cell membrane (5) . In the heart, connexins mediate electrical coupling among cardiac myocytes to form signal channels, allowing for the transmission of electrical waves that are responsible for synchronized contraction among tissues (6) . connexin 43 (cx43), a member of the connexins family, is most abundantly expressed in the cardiac muscle (7) . cx43 has been demonstrated to serve a role in a number of diseases, including oral squamous cell carcinoma, pancreatic cancer, prostate cancer, acute myeloid leukemia, myocardial edema, vascular restenosis and Parkinson's disease (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . cx43 is primarily a fast, low-resistance pathway that regulates electrical conduction between cardiomyocytes, coordinates mechanical and electrical activities of cardiac muscle and controls the conduction velocity of impulses to ensure that myocardial electromechanical activities are synchronized (18) . A previous study revealed that cx43 remodeling, which predominantly occurs during oxidative stress, is associated with the induction and maintenance of AF (19) .
clinical data indicate that cx43 is dysregulated in patients with AF compared with normal controls (20 study, canine models of cardiac cx43 knockdown and heart perfusion were established. In these models, the excitatory effect of the sympathetic nerve was mimicked without the impact of neurohumor. The possible mechanisms underlying how the sympathetic nerve mediates the induction and maintenance of AF were explored.
Materials and methods

Materials and animals.
A total of 25 hybrid dogs (52% male and 48% female; aged 4-5 months; body weight 2-3 kg) from the Guangxi Medical University Laboratory Animal center (Nanning, Guangxi, China) were housed at 2˚C in an atmosphere with 40% humidity, a 12-h light/dark cycle and free access to food and water. They were randomly and evenly divided into five groups: Normal control (N) group, rapid atrial pacing (RAP) group, isoproterenol (ISO) perfusion + RAP, RAP + cx43 small interfering (si)RNA group and ISO + RAP + cx43 siRNA. All animal experiments were approved by the Ethics Committee of the First Affiliated Hospital of Guangxi Medical University (Nanning, Guangxi, china). ISO, pentobarbital sodium powder, heparin and modified Tyrode's solution were purchased from cable Noble (Beijing, china).
Treatments for each group. In group N, dogs were anesthetized with 3% sodium pentobarbital (30 mg/kg) by intraperitoneal injection and fixed on the operating table. Sternotomy was performed, the left ventricle of the heart was injected with 8,000 units heparin and the heart was subsequently removed and placed in pre-cooled Tyrode's solution. The remaining blood was squeezed out and then the heart was quickly connected to the isolated heart perfusion apparatus. cardiac perfusion (50 ml/min) was performed with Tyrode's solution below 37.5˚C. The heart was manually pressed during perfusion to bring the beat rate up to 100 bpm. Needle-like electrodes were placed on the atrial appendage and cardiac apex and connected to the electrophysiological instrument and stimulator. An electrocardiogram (EcG) was recorded and the atrial tissue was sampled following continuous perfusion for ~1 h. In the RAP group, perfusion was performed as above. The heart was stimulated at the frequency of 800 bpm for 30 sec a total of 30 times. In the ISO + RAP group, the heart was perfused with modified Tyrode's solution containing 0.1 µmol/l ISO and the remaining steps were the same as those in the RAP group. For the RAP + cx43 siRNA group, dogs were anesthetized with 3% sodium pentobarbital (30 mg/kg) via intraperitoneal injection and an artificial airway was created through the connection to an auxiliary ventilator. Sternotomy was performed to create a 4-cm incision. The pericardium was opened to cradle the heart. A total of 5 ml solution containing lentivirus (20% poloxamer 407, 0.5% trypsin, 6x108 TU lentivirus carrying siRNA against cx43, sense: 5'-AAG AcT GTG GAT cTc cGA AA-3'; anti-sense: 5'-GcT cAc TTG cTT GTT TGT TG-3'; Takara Bio, Inc., Otsu, Japan.) was injected into the left and right atria using a camelhair brush to establish a knockdown animal model of cx43. The heart was then sutured. A total of 2 million units penicillin were injected intramuscularly following surgery. Heart perfusion was performed 3 weeks later following the same protocol used in the RAP group.
In the ISO + RAP + cx43 siRNA group, a similar protocol was followed as performed in the RAP + cx43 siRNA group, except that the heart was perfused with 0.1 µmol/l ISO.
Evaluation of the efficiency of lentiviral infection.
The myocardial samples from group N and the knockdown group were quickly placed on the sample holder of a freezing microtome, embedded with optimum cutting temperature compound and frozen for 30 min. Subsequently, the samples were cut into sections (5 µm thick). Sections were examined for the intensity of green fluorescence protein (GFP) conjugated to the lentivirus under a fluorescence microscope (magnification, x400) in a dark room. The efficiency of lentiviral infection was assessed according to the intensity of GFP.
Electrophysiological parameters. The electrophysiological parameters were tested once the beats of the isolated heart became steady. The S1S2 stimulation approach was taken to determine the atrial effective refractory period (AERP) (21) . S1S2 coupling interval was initiated from the basic cycle with 300-msec length. The proportion of stimulation was 8:1. The step length was decreased by 10 msec with 2 msec of pulse. The power of stimulus was twice that of the diastolic threshold. This was performed until the longest atrium S1S2 interval failed to be within the AERP. The testing was repeated three times and the values were averaged. The induced AF was defined as an irregular atrial electrical activity when the duration was >2 sec (21) . The number of induced AF was recorded for each group, excluding group N.
Immunohistochemical analysis for NGF and TH in the atrial myocardium. The left atrial tissue was rinsed with saline, fixed in 10% formaldehyde at 4˚C for 24 h, embedded in paraffin and cut into 5-µm sections. Briefly, the dewaxed sections were incubated with 3% hydrogen peroxide (H 2 O 2 ) for 10 min at room temperature followed by blocking with 5% bovine serum albumin (SW3015; Beijing Solarbio Science and Technology Co., Beijing, China) at 37˚C for 1 h. The primary antibodies anti-NGF (bs-0067R-cy3; BIOSS, Inc., Boston, MA, USA; 1:500) and anti-TH (bs-3463R; Bioss, Inc.; 1:300) were added and incubated at 4˚C overnight. The next day, the sections were rinsed with PBS and incubated with biotinylated secondary antibodies conjugated with horseradish peroxidase (HRP; PV-6001; OriGene Technologies, Inc., Beijing, China) at 37˚C for 1 h. The tissue sections were incubated with the chemicon Liquid dAB Substrate-chromogen System (PV-6001; OriGene Technologies, Inc.) for 2-3 min at 37˚C to visualize the immunoreactive products. The sections were then counterstained with diluted hematoxylin for 15 sec at room temperature, rinsed with alcohol solution for 3 sec, dehydrated through a graded alcohol series and then mounted. Stained samples were examined under a light microscope (magnification, x400).
Immunofluorescence staining for Cx43. Atrial sections were prepared and blocked as above. The primary polyclonal rabbit anti-cx43 antibody (3512; cell Signaling Technology, Inc., Danvers, MA, USA; 1:50) was added and incubated at 4˚C overnight. The following day, slides were rinsed with PBS and incubated with fluorescein isothiocyanate-labeled secondary antibody (sc-2012; Santa cruz Biotechnology, dallas, TX, USA; 1:100) at 37˚C for 1 h. The sections were then rinsed with PBS, stained with DAPI at 37˚C for 10 min and mounted with buffered glycerol. Stained samples were examined under a light microscope (magnification, x400).
Western blot analysis. The atrial tissue was ground in liquid nitrogen and lysed in radioimmunoprecipitation assay buffer containing 100 mg/l PMSF. Total protein was extracted and the concentration was determined using the bicinchoninic acid method. Total protein (40 µg) was separated using 12% SdS-PAGE and transferred onto a polyvinylidene fluoride membrane. The membrane was blocked with 5% skim milk at room temperature for 1 h and incubated with mouse cx43 monoclonal antibody (sc-13558; Santa cruz Biotechnology; 1:1,000) and mouse GAPdH monoclonal antibody (Kc-5G4; KangChen Bio-tech, Shanghai, China, 1:10,000) at 4˚C overnight. The following day, the membrane was incubated with the secondary antibody conjugated with HRP (Kc-MM-035; Kangchen Bio-tech; 1:10,000) at room temperature for 2 h. The membrane was washed with Tris-buffered saline-Tween 20 three times. Enhanced chemiluminescence (Kangchen Bio-tech) was used to develop the film.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
RT-qPcR was performed to detect the expression level of cx43. RNA was extracted from canine atrial tissue and atrial myocytes using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and treated with DNase I (Promega corp., Madison, WI, USA). Reverse transcription was performed with 0.5 µg of RNA using a Prime Script RT Master Mix reagent kit (RR036A; Takara Bio, Inc.). qPcR was performed using a SYBR Premix Ex Taq kit (638320; Takara Bio, Inc.). β-actin was used as a housekeeping control. Thermocycling conditions were as follows: 95˚C for 2 min followed by 40 cycles of 95˚C for 15 sec and 60˚C for 32 sec. The following primers were used: β-actin, forward 5'-TGA GcG cAA GTA cTc TGT GT-3' and reverse 5'-AAc AGT ccG ccT AGA AGc AT-3'; and cx43, forward 5'-AAG AcT GTG GAT cTc cGA AA-3' and reverse 5'-GcT cAc TTG cTT GTT TGT TG-3'. The expected sizes of β-actin and cx43 were ~140 and ~150 bp, respectively. Relative mRNA level was calculated using the 2 -ΔΔcq method (22) . The relative expression level of Cx43 was quantified by using β-actin as an internal control.
Reactive oxygen species (ROS) measurement with fluorometry.
The atrial muscle tissue from each group was collected and quickly cut into pieces (1 mm 3 ) on ice within 1 h. Mitochondria was isolated using a Mitochondria Extraction kit (c3606; Biyuntian, Shanghai, china). Isolated mitochondrial samples were added to microplate wells containing respiration buffer comprising 5 mM pyruvate, 2.5 mM malate, 10 µM H 2 dcF/dA and 5 µM HRP. Following incubation for 10 min at 37˚C, fluorescence was measured at 37˚C with an excitation wavelength of 485 nm and emission wavelength of 532 nm. ROS production was determined by subtracting the fluorescence intensity measured in control wells that contained assay buffer without mitochondria according to Korde's method (19) .
Transmission electron microscopy (TEM).
The atrial tissue was cut into pieces <1 mm 3 and quickly fixed in 2.5% glutaraldehyde for 2 h at room temperature and then overnight at 4˚C. The next day, specimens were post-fixed in 1% buffered osmium tetroxide at 4˚C for 2 h and then dehydrated through a graded ethanol series and embedded in epoxy resin. Ultrathin sections (90 nm), double-stained at room temperature with 5% uranyl acetate for 15 min and 2% lead citrate for 7 min, were examined using an electron microscope (H-800; Hitachi, Tokyo, Japan).
TUNEL assay. The left atrial tissue was fixed with 10% formalin at 4˚C for 24 h and then embedded in paraffin. TUNEL assay was performed using a Roche In Situ cell death detection Kit (Roche Applied Science, Penzberg, Germany). Deparaffinized sections were treated with 3% hydrogen peroxide in methanol at 37˚C for 10 min. After adding the equilibration buffer, sections were treated with TdT-enzyme at 37˚C for 1 h and then incubated with HRP-conjugated antibodies at 37˚C for 30 min (provided in the kit; Roche Applied Science). Then sections were colorized with DAB for 2-3 min at 37˚C (ZLI-9017; ZSGB-BIO, Beijing, china). Hematoxylin was used for nuclear counter staining at 37˚C for 5 min. Normal myocardial nuclei were blue-green while apoptotic nuclei of TUNEL-positive cell appeared brown. Finally, the stained sections were examined under a light microscope. Five high-power fields were selected for each slide. The data were expressed as the percentage of TUNEL-positive cells relative to total number of cells counted.
Statistical analysis. The data were expressed as the mean ± standard deviation. One-way analysis of variance with Tukey-Kramer post hoc test was used to compared groups. SPSS v18.0 (SPSS, Inc., chicago, IL, USA) was used for data analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
Evaluation of infection efficiency in the atrial muscle. The lentivirus carrying green fluorescence protein and cx43 siRNA was injected into the myocardial tissue and the infection efficiency was evaluated by examining the intensity of green florescence protein. At 3 weeks post-infection, a strong green fluorescence signal was observed in the Cx43 knockdown group, but not in the N group (Fig. 1) .
Expression of Cx43 in each group and its knockdown efficiency.
In the N group, cx43 protein was expressed and localized in the intercalated disk of the myocardium, predominantly in an end-to-end and strip pattern. A punctate pattern was also observed in a small portion of cells. In the RAP group, cx43 was mildly expressed and predominantly distributed along the long axis of the myocardium in a side-to-side and strip pattern, with a punctate distribution in a small portion of cells. In the ISO + RAP group, the expression of cx43 was notably decreased compared with the RAP group and distributed in a punctate pattern. In the RAP + cx43 siRNA group, the expression of cx43, presented in a side-to-side or punctuate pattern, was markedly decreased compared with the ISO + RAP group. In the ISO + RAP + cx43 siRNA group, cx43 was distributed in a sporadic pattern ( Fig. 2A ). RT-qPcR was then performed to detect the expression of cx43 mRNA in the atrial muscle. The expression of cx43 mRNA was decreased in each group compared with the N group (P<0.05; Table I and Fig. 2B ). It was also significantly reduced in the ISO + RAP and RAP + cx43 siRNA groups compared with the RAP group (P<0.05, Table I ; Fig. 2B ). compared with the ISO + RAP group, the level of cx43 mRNA in the RAP + cx43 siRNA and ISO + RAP + cx43 siRNA groups was downregulated (P<0.05, Table I ; Fig. 2B ). compared with the RAP + cx43 siRNA group, the level of cx43 in the ISO + RAP + cx43 siRNA group was also decreased (P<0.05, Table I ; Fig. 2B) . At the protein level, total cx43 was gradually decreased in all experimental groups compared with the N group (Fig. 2c) .
Comparison of AERP among groups. The AERP level was not significantly altered in the RAP and RAP + Cx43 siRNA group; however, it was significantly reduced in the ISO + RAP and ISO + RAP + cx43 siRNA groups (P<0.05; Table II), compared with the N group respectively. compared with the RAP group, the AERP was not significantly affected in the RAP + cx43 siRNA group. compared with the ISO + RAP group, no significant difference in AERP was observed in the ISO + RAP + cx43 siRNA group, suggesting that cx43 knockdown has a minimal effect.
Induction rates of AF in each group. AF could not be induced in the N and RAP groups; only transient atrial electrical disorder was observed in the RAP group (Fig. 3A) . However, AF was clearly induced in the ISO + RAP, RAP + cx43 siRNA (P<0.05; Table III ) and ISO + RAP + cx43 siRNA (P<0.01; Table III) groups compared with the N group (Fig. 3B) . compared with the RAP + cx43 siRNA group, the induction rates of AF in the ISO + RAP and ISO + RAP + Cx43 siRNA groups were significantly increased (P<0.01; Table III ). compared with the ISO + RAP group, the induction rate of AF in the ISO + RAP + cx43 siRNA group was also significantly increased (<P<0.05; Table III) .
Immunohistochemical analysis for NGF and TH in each group.
Immunohistochemical staining was performed to examine the expression of NGF and TH in each group. compared with the N group, NGF expression was markedly increased in the other groups (Fig. 4A) . compared with the RAP and RAP + cx43 siRNA groups, the levels of NGF in the ISO + RAP and ISO + RAP + cx43 siRNA groups were increased (Fig. 4A ). However no difference in NGF was observed between the ISO + RAP and ISO + RAP + cx43 siRNA groups, or the RAP and RAP + cx43 siRNA groups (Fig. 4A ). This suggests that cx43 does not regulate the expression of NGF. TH was specifically stained in the nuclei. compared with the N group, a markedly higher positive rate of TH staining was observed in the other groups. Furthermore, more positive staining was observed in the ISO + RAP group compared with the RAP group. However, no obvious difference in staining was observed between the ISO + RAP and ISO + RAP + cx43 siRNA groups, or the RAP and RAP + cx43 siRNA groups (Fig. 4B) , which suggests that cx43 does not regulate the expression of TH either.
Mitochondrial ROS production. compared with the N group, ROS production was significantly increased in all other groups (P<0.01; Table IV ). compared with the RAP group, ROS production in the ISO + RAP, RAP + cx43 siRNA and ISO + RAP + Cx43 siRNA groups was significantly increased (P<0.01; Table IV), which demonstrated that ISO and cx43 knockdown affected the ROS production. compared with the ISO + RAP group, ROS production was significantly increased in the RAP + cx43 siRNA and ISO + RAP + cx43 siRNA groups (P<0.05; Table IV), which suggests that cx43 knockdown had a greater effect than ISO on ROS production. However, no significant difference was observed between the RAP + cx43 siRNA and ISO + RAP + cx43 siRNA groups (Table IV) , suggesting that ISO failed to affect ROS production when cx43 was depleted.
Apoptotic myocardial cells. The nuclei of apoptotic myocardial cells were stained dark brown and non-apoptotic cells were stained blue (Fig. 5) . The AI in each group was significantly increased compared with the N group (P<0.01; Table V) Figure 5 . TUNEL staining was performed to assess apoptotic myocytes in each group. Scale bar=50 µm. N, normal; RAP, rapid atrial pacing; ISO, isoproterenol; cx43, connexin 43; siRNA, small interfering RNA. and it was increased in the ISO + RAP + cx43 siRNA group compared with the RAP group to (P<0.01; Table V) .
Mitochondrial morphology. TEM was used to examine the mitochondrial morphology in each group (Fig. 6) . In the N group, the mitochondria were not swollen, with regular and dense cristae. In the RAP group, the mitochondria were slightly swollen and the matrix was almost unaffected, with irregular and mildly disrupted cristae. However, in the ISO + RAP, RAP + cx43 siRNA and ISO + RAP + cx43 siRNA groups, the mitochondria were clearly swollen, with transparent matrix and disordered and disrupted cristae (Fig. 6) .
Discussion
At present, the exact mechanism underlying the initiation, maintenance and recurrence of atrial fibrillation is unclear. Although previous studies have demonstrated that remodeling and regeneration of the sympathetic nervous system are associated with the occurrence and maintenance of atrial fibrillation (23) (24) (25) , there is a lack of detailed information. In order to better understand the underlying mechanism. An ISO perfusion was used in the present study to mimic sympathetic excitation in the isolated perfused heart model, in which the impact of neurohumoral regulations could be removed. It has previously been demonstrated that short burst, high-frequency stimulation does not significantly affect AERP (26) . The results of the present study suggest that the sympathetic nervous system may be responsible for atrial electrical remodeling, increasing the likelihood of atrial fibrillation. It was observed that ISO perfusion combined with RAP significantly shortened the AERP and increased the induction rate of AF compared with RAP alone, which did not significantly alter these parameters. It was also demonstrated that ISO perfusion with RAP increased the expression of NGF and TH more compared with RAP, although RAP alone also increased their expressions compared with the normal group. This indicates that sympathetic activation may have positive feedback on its own activity via synthesizing more neurotransmitters, as TH is a rate-limiting enzyme in this reaction. cellular abnormalities in atrial cardiomyocytes mediate atrial fibrillation induced by sympathetic activation to some extent (27) ; based on this, gap junctions were the focus of the present study. Gap junctions are a type of specialized linkage structure in the cell membrane between two adjacent cardiomyocytes (28) . Gap junctions are composed of two channels, each of which is formed by six circularly arranged connexins that are essential for metabolic and electrical coupling between cardiomyocytes (29) . The redistribution and functional change of channels in gap junctions affects the transmission velocity and anisotropic conductive properties, further inducing arrhythmic circuits. decreased numbers of gap junctions in end-to-end connections between atrial cardiomyocytes results in reduced cellular coupling, which further changes the conductivity of cardiomyocytes and slows down transmission velocity (30) .
As one of the major connexins expressed in atria, cx43 serves an important role in maintaining normal rhythm, communication and transmission of electrical signals in atrial cardiomyocytes (31) . In the present study, the role of cx43 in Figure 6 . Mitochondrial damage in each group was examined using transmission electron microscopy. Scale bar=1 µm. N, normal; RAP, rapid atrial pacing; ISO, isoproterenol; cx43, connexin 43; siRNA, small interfering RNA. atrial fibrillation induced by sympathetic activation under ISO and RAP conditions was explored The results of the present study demonstrate that the levels of cx43 protein and transcript were significantly reduced compared with the normal or RAP alone groups. Immunofluorescent staining revealed reduced expression and punctate distribution of cx43 in the cytoplasm with a loss of end-to-end distribution in the ISO + RAP group, whereas RAP alone induced lateralization of cx43 with a decrease in end-to-end distribution. Oxidative damage was observed in the ISO + RAP group as evidenced by a significant increase in ROS production and the apoptotic index. Electron microscopy revealed that mitochondria were swollen and cristae were fragmented and dissolved. These results were consistent with reports that ISO, a synthetic and non-selective β-adrenergic agonist, increases the production of ROS and promotes cell apoptosis (32) (33) (34) . Lenaerts et al reported that oxidative stress is positively correlated with the occurrence of atrial fibrillation (35) . Although it is not clear how oxidative stress initiates and maintains atrial fibrillation, one possible mechanism is associated with cx43 degradation in response to calcium overload in the cytoplasm resulting from calcium overflow from sarcoplasmic reticula caused by oxidative stress, which subsequently leads to arrhythmia (36) .
The results of cx43 silencing experiments also indicated that cx43 serves a protective role, maintaining normal signal transduction between cardiomyocytes and reducing susceptibility to atrial fibrillation in response to oxidative stress induced by sympathetic activation. When cx43 was partially silenced, it was observed that RAP induced atrial fibrillation. For ISO + RAP treatment, the induction rate of atrial fibrillation was significantly higher in the cx43 silencing group. Furthermore, cx43 silencing in the RAP alone or ISO + RAP group resulted in a higher production of ROS by mitochondria, increased apoptotic index and striking changes to the mitochondria compared with their respective control groups. However, no obvious changes in the amount and distribution of NGF and TH were observed in the cx43 silencing group. These results suggest that cx43 silencing led to greater mitochondria damage from oxidative stress induced by ISO profusion and/or RAP. Furthermore, these results suggest a link between cx43 and oxidative stress. The authors therefore hypothesize that the sympathetic nervous system may initiate and maintain atrial fibrillation via activating oxidative stress and thus affecting the expression and distribution of cx43.
One limitation of the present study is that only total cx43 expression was assessed. However, it is known that cx43 phosphorylation is important for cx43 functionality (37) , which should be investigated in future studies. Additionally, although an ISO perfusion model was established to mimic sympathetic excitation in the isolated perfused heart model while eliminating the impact of neurohumoral regulations in vivo, the use of this model is limited as it us unable to provide the same conditions as sympathetic activation-induced atrial fibrillation in vivo.
